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will the government fund you, but a corporation might fund
you as well.”

Toxicological and environmental challenges. We al-
ready know about the damage to health caused by asbestos
and coal microns, so introducing a slew of products contain-
ing nanoparticles is causing concern and spurring the federal
government toward regulation. Worries grew when research-
ers at Southern Methodist University reported brain damage
in a large-mouthed bass that had been swimming in aquari-
um waters infused with common carbon-based nanoparticles
(buckyballs).

Of paramount concern is the catalytic activity of nano-
materials and their potential risk as they interact with bio-
materials. Groups such as the Center for Responsible Nano-
technology advocate for tight government regulation, while
others counter that overregulation would stifle scientific re-
search and the development of life-saving innovations.

According to Dr. Atanu Adhvaryu, 6 Sigma Black Belt, at
Caterpillar’s Advanced Materials Technology, Technology &
Solutions Division in Peoria, I11., “Particles in nanometric di-
mensions have significantly different physical and chemical
properties compared to the bulk material.

“Until health and safety aspects of these materials are ful-
ly understood, they will be a hard sell for industrial applica-
tions,” Adhvaryu adds. “This is particularly true for products
containing novel nanomaterials that come in contact or have
the potential for accidental exposure to humans and the en-
vironment.”

The National Institute for Occupational Health and Safety
(NIOSH) is conducting research on the occupational safety
and health implications of nanotechnology, with current ef-
forts focused in the following three areas:

» How might workers be exposed to nano-sized particles in
the manufacturing or industrial use of nanomaterials?

* How do nanoparticles interact with the body’s systems?

¢ What effects might nanoparticles have on the body’s sys-
tems?

NIOSH believes answers to these questions are critical for
safely maintaining U.S. competitiveness in the nanotechnol-
ogy market.

In addition, the Centers for Disease Contro} and Preven-
tion (CDC) have developed guidelines for working with
nanomaterials (sce sidebar).

“We do have to worry about nanoparticles being potential
health hazards,” Hsu said. “You sprinkle nanoparticles on
your skin, and some of them will go right into your blood-
stream. But | believe the most significant risk is found in the
production process. So far the finished products appear to
be safe.”

Ironically, the very properties of nanoparticles that make
them hazardous make them wonders as well.

“It’s a two-edged sword,” Hsu said. “ These properties also
allow amazing medical advances such as the safe delivery of
medicine through patches.”
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The same applies to-the environment. While the po-
tential for environmental damage caused by nanoparticles
exists, using the same technology researchers are building
highly mobile nanodevices for detecting air pollution.

Consumer acceptance. In order to move forward, nano
companies must squelch fears about the effects of nanopar-
ticles in the body—in much the same way as the genetically
engineered food industry is doing.

In April 2008 testimony before the Senate Commerce
Committee, PEN project director David Rejeski said, “Public
trust is the dark horse in nanotechnology’s future. If govern-
ment and industry do not work to build public confidence
in nanotechnology, consumers may reach for the No-Nano
label in the future, and investors will put their money else-
where.”

The hearing marked the start of U.S. Senate debate on the
future direction of the annual $1.5 billion federal investment
in nanotechnology research and development.

According to Rejeski, “Public perceptions about risks—
real and perceived—can have large economic consequences.
How consumers respond to these early products—in food,
electronics, health care, clothing and cars—is a litmus test
for broader market acceptance of nanotechnologies in the
[uture.”

Six COC guidelines for handling
nanomaterials

Elements of a workplace nanomaterial risk management
program should include:

1. Evaluating the hazard posed by the nanomaterial
based on available physical and chemical property
data and toxicology or health effects data,

. Assessing potential worker exposure fo defermine
the degree of risk.

. The education and training of workers in the proper
handfing of nanomaterials [e.q., good work practic-
es),

. The establishment of criteria and procedures for
installing and evaluating engineering controls (e.g.,
exhaust ventilation] at locations where expasure to
nanaparticles might occur,

. The development of procedures for determining e
need and selection of personal profective equipment
|e.qg., clothing, gloves, respirators).

. The systematic evaluation of exposures to ensure
that control measures are warking properly and
that workers are being provided the appropriate
personal profechive equipment,
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mance in the context of gear lubri-
cations.

Hsu is looking toward TVs, in-
legrated circuits, automotive ma-
terials, biomedical devices, time-
release devices, lubricant additives,
sell-repairing additives, surface phe-
nomena additives and data storage
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devices.
e “The potential for future ap-
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plications of nanotechnology lie
primarily in the field of advanced
lubrication and novel coatings for
0 deg machine components,” Adhvaryu

said. “There should be significant
benefits gained from using such

Figure 5 | MaS, nanoparticles burnished on the laser surface textured steel. (Courtesy of Or. Lev Rapoport,

Holon Academic Institute of Technology)

Academic-indusfry cooperafion. STLE-member Dr.
Hong Liang, associate professor of mechanical engineering
at Texas A&M University in College Station, Texas, believes
the academic-industry nanotechnology partnership has been
an overwhelming triumph. As examples, she points to the
widespread implementation of nanoparticles in manufactur-
ing and the considerable consumer benefit of using nanolu-
bricants to make hard disks last longer and reduce wear.

“There has already been significant manufacturing suc-
cess with nanotechnology,” she says. “As far as the [ubricants
go, there is no disconnect between academic research and
industry use. If there is a disconnect, it resulted from people
trying to get into nano-research without a clear purpose. Ba-
sic research needs to have the potential to create a lasting
impact on the real world. This is true for research in nano-
technology.”

Another reason for a disconnect, according to Liang, is
that some technology, such as NEMS, has not yet matured to
the point where it can be fully employed.

THE FUTURE

Liang believes there needs to be better nanotribological mea-
surement in order for both nanotribology and nanotechnol-
ogy to move forward. Once that barrier has been overcome,
she believes new engine designs and lubricants will greatly
increase fuel efficiency. Another area for future development
is biotribology.

“As Baby Boomers age, we need to improve the wear
properties of biomedical devices such as joint replacements
and heart valves,” she said.
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technologies in applications involv-
ing highly loaded contacts and com-
ponents that operate under starved
lubrication.”

As far as long-term issues are
concerned, Adhvaryu believes more
research is needed in the areas of:

* The fundamental nature of friction and adhesion.
¢ Contact mechanics models for nanocontacts.
e Overcoming [riction in self-assembled nanomaterials and

NEMS.

e The use of friction and films to assemble multifunctional
structures.

The National Cancer Institute has committed to a $144.3
million, five-year initiative to develop and apply nanotech-
nology to cancer. The institute’s former director, Andrew von
Eschenbach, said that nanotechnology has the potential to
radically increase options for prevention, diagnosis and can-
cer treatment.

Among the most promising technologies are low-friction
nanoscale devices or devices with nanoscale materials and
components that can detect cancer in its earliest stages. These
same devices have the potential to provide real-time assess-
ments of therapeutic and surgical efficacy. In addition, tar-
geted devices capable of bypassing biological barriers could
deliver therapeutic agents directly to cancer cells.

“As far as nanotechnology is concerned, nanotribology
is one of the top issues,” Hsu said. “There are so many nan-
odevices on the horizon that have the potential to change
peoples lives, but they will never come to market unless we
learn how to control friction at the nanoscale.”

Jean Van Rensselar heads her own communications firm, Smart
PR Communications, in Naperville, Ill. You can contact her at
Jean@SmartPRcommunications.com.
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